Purpose: Patient involvement in diabetes treatment such as shared decision-making and patient self-management has significant effects on clinical parameters. As a prerequisite for active involvement, patients need to be informed in an adequate and preference-sensitive way. Interactive Health Communication Applications (IHCAs) that combine web-based health information for patients with additional support offer the opportunity to reach great numbers of patients at low cost and provide them with high-quality information and support at the time, place, and learning speed they prefer. Still, web-based interventions often suffer from high attrition. Tailoring the intervention to patients' needs and preferences might reduce attrition and should thereby increase effectiveness. The purpose of this study was to develop a tailored IHCA offering evidence-based, preference-sensitive content and treatment decision support to patients with type 2 diabetes. The content was developed based on a needs assessment and two evidence-based treatment guidelines. The delivery format is a dialogue-based, tunneled design tailoring the content and tone of the dialogue to relevant patient characteristics (health literacy, attitudes toward self-care, and psychological barriers to insulin treatment). Both content and tailoring were revised by an interdisciplinary advisory committee. Conclusion: The World Wide Web holds great potential for patient information and selfmanagement interventions. With the development and evaluation of a tailored IHCA, we complement face-to-face consultations of patients with their health care practitioners and make them more efficient and satisfying for both sides. Effects of the application are currently being tested within a randomized controlled trial. Keywords: type 2 diabetes, interactive health communication application, development, Internet
Introduction
Patients, practitioners, scientists, and politicians have called for more patient involvement in the making of medical decisions as well as in the management of their diseases in order to reduce the burden on both sides. Patient involvement in diabetes management has been shown to reduce fasting blood glucose levels, A 1C , and the need for diabetes medication.
Consequently, despite the abundance of information available on the web, patient materials might be inaccessible to users with lower health literacy.
Studies of systematically and thoroughly developed webbased health information show small but consistent effects on clinical outcomes, [14] [15] [16] even in older populations that are often thought to use the web less frequently. 17 Murray et al 18 found that Interactive Health Communication Applications (IHCAs), a computer-based format combining health information with social support, decision support, or behavior change support, have positive effects on knowledge, social support, clinical, and behavioral outcomes. Still, the effectiveness of online applications is limited by high attrition rates, [19] [20] [21] [22] and few users visit a health intervention website more than once. 23, 24 Since the effect of online interventions increases with dose, 5, 24 effectiveness is increased if users work intensively with the provided content 21, 25 and return for repeated visits. 26, 27 Several studies have reviewed strategies to enhance website usage. Individualization and personalization of information as well as an interactive presentation have been found to effectively reduce attrition rates and increase effectiveness of web-based interventions. [28] [29] [30] These three strategies can be subsumed under the concept of tailoring. 31 Tailoring information to individual needs and characteristics including different levels of health literacy has the potential to make health information accessible to a greater number of users.
The present work describes the development of a webbased tailored IHCA for patients with type 2 diabetes, offering diabetes information and support for medical decisions. The resulting IHCA is designed to improve user acceptance and adherence; it should increase the users' knowledge and empower them to be active partners in medical decisions and diabetes management. We are currently evaluating the IHCA in a randomized controlled trial. 32 The primary hypothesis is that the tailored IHCA has larger effects on diabetes knowledge and patient empowerment (primary outcomes) than a standard website with identical content but without tailoring. Secondary outcomes are website usage as well as decisional conflict and preparation for decision making.
Development work
The basic assumptions were that the projected IHCA should be tailored, and that the content should comprise information, decision support, and behavior change support for people with type 2 diabetes. Consequently, three questions guided the planning of the IHCA: (1) Which content is relevant for the target group?, (2) How can the content be adequately tailored to the users' preferences?, and (3) Which technical design is feasible?
The result of the development process is an interactive educational intervention that contains general information on diabetes, information on health behavior and lifestyle changes, and treatment options. It incorporates educational, behavioral, and psychological intervention elements in our IHCA and combines didactic and interactive methods. This mix was found to have a greater effect on patient knowledge than interventions focusing on one aspect or method. 33, 34 as well as German (Aktionsforum Gesundeitsinformationssystem [afgis]) 35 quality criteria for medical information on the Internet. These criteria can and did serve as an orientation during the content development but did not offer detailed advice on the process itself. A manual on the development process is provided by the German Agency for Quality in Medicine (ÄZQ). 36 The manual on the development of evidence-based patient information 36 that is offered on the ÄZQ's website is based on a checklist of quality criteria that was developed on the basis of DISCERN 37 and Appraisal of Guidelines for Research and Evaluation (AGREE) 38 ( Table 1 ). The development process followed the steps proposed in this manual where appropriate. Whenever the advice did not match the project (eg, because of specifics of the Internet or because of financial restrictions), the primary author and editor of the manual was consulted.
Needs assessment
Since self-management education interventions that cover more than one diabetes-related topic produce larger effects than those focusing on one topic, 5 the projected IHCA should include a variety of topics. In order to find out which topics are relevant to patients with type 2 diabetes, a needs assessment with two steps was performed. Firstly, semi-structured interviews with physicians and patients were conducted. Secondly, a selfassessment questionnaire for patients was developed, based on the main results of the interviews, which was administered to a larger patient sample. The questionnaire comprised four main sections: (1) health literacy and health locus of control; (2) Internet use and Internet experience; (3) relevant treatment decisions, decision preferences, and online health information needs; and (4) diabetes knowledge. The needs assessment and its results will be described in more detail elsewhere.
Guidelines
In order to ensure that the content is evidence-based, treatment guidelines were used as primary sources. For reasons of consistency only, guidelines that covered the whole range of diabetes management were included while guidelines that focused on distinguished aspects or sequelae of diabetes were excluded. In Germany, the development of such a comprehensive guideline was still underway when the information system was developed. Therefore, the British 39 and the American 40 guidelines were chosen as bases for the contents of the IHCA based on review articles, 41, 42 expert advice, and up-to-dateness. Their content was adapted to the German disease management program (DMP) with the help of German treatment professionals and researchers.
Based on the results of needs assessment and selected guidelines, a first draft of the content was created. The application comprises information on three main topics: what is type 2 diabetes?; how is it diagnosed?; and how is it treated? Information that is necessary to make the treatment decisions identified as relevant in the needs assessment includes the risks and benefits of the treatment options at hand (lifestyle, different • is it stated whether patients or self-help organizations were involved in the development of the publication? Accuracy • Is it stated if the publication is based on scientific sources?
• Are the kinds of scientific sources stated?
• Is the date of creation stated?
• Is it stated how long the publication remains valid?
• Is a revision date stated?
• is it stated whether the publication was developed following certain quality criteria (eg, DISCERN)? • is it stated whether the website holding the information participates in a quality initiative (eg, AFGIS, HON code, MedCIRCLE)? • Does the publication contain sufficient information on additional information and literature? • Are the modes of action of the medical procedures described sufficiently? • Are the benefits of the medical procedures described sufficiently?
• Are potential risks of the medical procedures described sufficiently?
• Is it stated whether the medical procedures affect daily life?
• is it stated whether there are contradicting results or experiences with respect to the medical procedures' effects and side effects? forms of glucose monitoring, all oral medication that is available in Germany, different kinds of insulin and treatment regimens). Users are encouraged to write down their evaluations of the treatment options in question, as well as questions they might have, and discuss them with their doctors. Moreover, detailed risk information is given for various diabetes-related complications and common comorbidities (angiopathy, polyneuropathy, retinopathy, diabetic nephropathy, diabetic foot, depression, skin diseases, and sexual problems). Table 2 shows the subsections available within each of the main topics.
tailoring
In a clinical consultation, the professional has the disease-and treatment-specific information and matches the information given and the way it is provided to the knowledge, interests, and other characteristics of the patient. The developed IHCA works accordingly, guiding the user through the information and selecting or modifying the information in a way that matches the individual patient. This corresponds to the concept of tailoring.
Kreuter et al 31 define tailoring as 'any combination of strategies and information intended to reach one specific person, based on characteristics that are unique to that person, related to the outcome of interest, and derived from an individual assessment' (p277). Individualized messages are supposed to be perceived as more relevant, interesting, and informative by the recipient. 30 Results on the effectiveness of tailoring have been promising, but not consistently so. Some researchers have tried to identify key components that distinguish effective from less effective tailoring. [43] [44] [45] Hawkins et al 46 describe three key strategies for effective tailoring: personalization ('conveying that the communication is designed specifically for 'you''), feedback ('presenting patients with information about themselves'), and content matching ('forming messages according to the patient's status on determinants of the behavior of interest', eg, knowledge, attitudes/outcome expectancies). Further studies support the effectiveness of these three strategies.
43,44

Personalization
Personalization is thought to enhance message processing by increasing attention and motivation. 46 It can be realized by identifying the recipient by name ('identification') or by overtly claiming that the information offered is customized especially for the individual user ('raising expectation of customization'). This information can have a placebo effect even if there is no actual tailoring. 47 Taking advantage of the placebo effect without fulfilling the promise of customization seems ethically questionable, but explicitly informing the user that tailoring is taking place seemed an appealing concept to us. A third personalization strategy is contextualization. Contextualization means framing information in a way that fits into the user's subjective reality (eg, starting from the user's attitude toward self-care when explaining the concept of self-care). In the tailored IHCA, the user is identified by his or her name, and the user is informed that the content is tailored to his or her individual characteristics. The personalized answers mirror what the user has said, convey esteem and empathy, and build an individualized bridge to the next content block. Whenever possible, content is contextualized according to the individual user's viewpoint (eg, 'As you said before …'). These three personalization strategies are realized within a dialogue format (see 'technical design').
Feedback
Feedback means presenting users with information about themselves. Besides increasing attention, feedback usually directly targets psychosocial determinants of the outcomes of interest. Hawkins et al 46 
based on what is known about the recipient', p461). In the tailored IHCA, descriptive and evaluative feedback are performed. Feedback is given on the data the IHCA receives when the user answers questions on his or her diabetes knowledge, attitudes towards self-care, or hopes and fears related to insulin treatment. The IHCA mirrors the user's answers and provides tailored advice.
content matching
Content matching, often thought of as the essence of tailoring, attempts to direct messages to individuals' status on key theoretical determinants (knowledge, outcome expectations, normative beliefs, efficacy and/or skills) of the behavior of interest (p462). 46 Content matching on theoretical concepts such as attitudes was found to be especially effective. 30 Content matching (as well as feedback) is performed on three determinants of successful self-management: health literacy, attitudes towards self-care, and barriers to insulin treatment 48 were chosen as tailoring constructs.
The decision to tailor on health literacy was driven by the great variance of health literacy that was found in the needs assessment. Health literacy is operationalized by the user's pre-existing diabetes knowledge and the complexity of information he or she prefers. Knowledge tailoring is performed in two steps. Firstly, knowledge is assessed using a questionnaire based on the brief diabetes knowledge test. 49 The original questionnaire was adapted to the text: one item on the pathophysiology of type 2 diabetes was added. Items were deleted for the following reasons: they aimed at messages that are not clearly evidence-based (one item); because they did not seem to fit German eating habits (two items); because the matching text passage was covered by self-care tailoring (two items); or because there were too many items for too short a text passage (three items). After each item, feedback is given on the result. If the answer was correct, this is reinforced, and the user can choose if he/she wants to learn more about the topic in question or proceed to the next content section. If the answer was wrong, the correct answer is explained and more information on the topic in question is provided before the user proceeds to the next content section. With respect to the complexity of information, all content that was identified as very important in the needs assessment was available in more or less detail, depending on the user's interest and ability. For each of these topics, the user can choose if he or she would like to have more detailed information or to move on to the next topic. Table 3 shows an example of knowledge tailoring.
Attitude toward self-care (diet, exercise, blood sugar testing, foot care, smoking) is assessed with a questionnaire that we developed based on the Summary of Diabetes Self Care Activities Questionnaire (SDSCA). 50 Motivation to perform the self-care activities is assessed on a 3-point Likert scale. Low motivation in self-care leads to answers that comply with the principles of motivational interviewing (expressing empathy, developing discrepancy, rolling with resistance, supporting self-efficacy). 51 High motivation is reinforced and specific steps for action are proposed. Table 4 shows an example of self-care tailoring.
Psychological barriers to insulin treatment are assessed using the Barriers to Insulin Treatment Questionnaire (BIT). 52 The BIT assesses the following expectations regarding insulin treatment: fear of injection and self-testing; expectations regarding positive insulin-related outcomes; expected hardship from insulin treatment; stigmatization by insulin injections; and fear of hypoglycemia. There are two or three items per subscale. In every item, a certain hope or fear with respect to insulin treatment is expressed (eg, 'I am afraid of the pain when injecting insulin.'). The user is asked to rate his or her agreement on a scale from 1 ('completely disagree') to 10 ('completely agree'). A score from 1 to 10 can be calculated for each subscale. A validating and understanding (if a fear was expressed) or reinforcing (if a hope was expressed) answer is given. If the score is over 1, further information on the topic in question is provided. Table 5 shows an example of tailoring to psychological barriers to insulin treatment. 
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When a draft of the written content and the items and structure for tailoring were completed, they were sent to four experts from different related areas (internal medicine, diabetology, health education/medical journalism, and psycho-diabetology) who revised content and tailoring in an iterative process. They provided advice on correctness and completeness of the content, appropriateness with respect to the German health care system, comprehensible communication of complex and controversial medical issues, and psychosocial and motivational aspects. Special attention was given to appropriate reading levels of the texts.
technical design
The system was developed in the format of a written dialogue, simulating a consultation or chat with a professional. The 'professional' or the tailored IHCA provides information or asks a question, the user replies, and the IHCA gives an answer that starts from what the user has said. For the user's side of the dialogue, three or more answers were created to every text passage that is provided by the IHCA. The user chooses one of the three options and receives a personalized answer. The technical design of the IHCA is tunneled in the sense that the user is guided through the content; the 'professional' has an agenda in mind of what might be helpful for the individual patient. Tunneled designs were found to increase website use and knowledge gained from a website when compared to a website without guidance. 53 Even though being guided can be helpful when confronted with complex information, it can also annoy the user and evoke resistance; 54 the patient might have an agenda on his or her own that differs from the professional's. The dialogue strikes a balance between guidance (suggestions made by the IHCA) and user control (reply options). This dialogue format has been found to be effective in depression and acute low back pain, [55] [56] [57] [58] but has not been applied to diabetes websites so far. At the same time, it helps a lot to prevent diabetic foot syndrome. A diabetic foot can be painful and can lead to amputation. There is a great benefit for the comparatively small effort of taking care of your feet. For many people, the first step is the hardest. Once you get used to it, the effort does not seem so great anymore.
OK, so this recommendation is a little important for you. Maybe you are aware of the inconvenience of daily foot care. At the same time, it helps a lot to prevent diabetic foot syndrome. A diabetic foot can be painful and can lead to amputation. There is a great benefit for the comparatively small effort of taking care of your feet. For many people, the first step is the hardest. Once you get used to it, the effort does not seem so great anymore.
You are right, this recommendation is really important. Looking after your feet can be inconvenient but helps a lot to prevent diabetic foot syndrome. A diabetic foot can be painful and can lead to amputation. There is a great benefit for the comparatively small effort of taking care of your feet. Programming and graphic design were performed by the Gaia AG (Hamburg, Germany), a subcontractor specializing in web-based health interventions. When content, structure, tailoring, and cornerstones of graphic design were completed by the research team and the advisory committee, they were handed over to the subcontractor for programming. Further elaboration of graphic design was coordinated in meetings between the research team and the subcontractor. A serious, medical style was agreed on. Labeled, partly interactive drawings were added to the complex content in order to make them more comprehensible 59 and to enhance acceptance, especially in older users. 60 Less complex text passages were complemented by photographs conveying positive affects in order to enhance recall of contents. 61 When the first version of the IHCA was completed, it went through a phase of technical testing. Due to individualization, there are many paths that a user can take going through the system. Many of these paths were systematically tested by the subcontractor and the research team with respect to logic and functioning. Given the high complexity of the system, it was not possible to test all paths.
Conclusion
IHCAs that match the medical care situation can complement in-person education if patients have a high interest in and/or need for extensive or repeated information, live in underserved areas, and have access to the Internet. Practitioners might make use of IHCAs for eligible patients in order to improve diabetes knowledge and self-management. IHCAs are supposed to complement in-person counseling, and they work better for patients if they are combined with other forms of support; Brouwer et al 28 found that peer support, counselor support, email, and phone contact increased exposure to web-based interventions. The integration of IHCAs into diabetes education could be especially effective if combined with the offer to discuss the content in telephone, chat, or in-person sessions. Offering IHCAs not only to patients but also to caregivers could be an asset both for the patients and for the caregivers. Studies show that caregivers search the web even more actively than the patients themselves. 11, 62 Another potential target group for the present IHCA are people at risk for developing type 2 diabetes. Current guidelines addressing the prevention of type 2 diabetes recommend similar behavioral changes regarding exercise, diet, and smoking cessation as presented in the IHCA. Target populations are people with impaired glucose tolerance, impaired fasting glucose, and/or metabolic syndrome. [63] [64] [65] Web 2.0 features might further increase the attractiveness of IHCAs. According to the Pew Internet and American Life Project, 11 Americans living with a chronic condition are more active members of the web community than healthy people. They use more social media, read user-generated content and generate content themselves, blog and chat about experiences with doctors, hospitals, medication, and/or offer emotional support. Inviting patients to share information and experience might enhance attractiveness and patient-centeredness of IHCAs. Other possible features would be online tracking of diet, blood sugar, or exercise, preferably with an app so that the patient can record his activities and blood sugar, and get the information they need in real-time. Finally, tailoring might become more effective if it was not static (assessed at only one point in time), but dynamically adapting to the user's present state. 16 Further research and practical tests are needed to better understand how IHCAs can best support patients and professionals.
The opportunities created by technical progress can only be helpful to patients who know how to use them. This could be a challenge for older patients, while younger patients may take a liking to IHCAs and technical devices. While personal support and a good relationship between practitioners, patient, and caregivers is the basis for successful diabetes management, IHCAs could add new opportunities of education and self-management.
